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INTERNATIONAL PRELIMINARY EXAMINATION REPORT 
I. Basis of the report 

1 1. With regard to the elements of the international application:* 
the international application as originally filed 
the description: 



International application No. 

PCT/JP01/08539 



□ 



□ 



, as originally filed 



pages 
pages 



, filed with the demand 



, filed with the letter of 



the claims: 

pages 

pages 

pages 

pages 



, as originally filed 



, as amended (together with any statement under Article 19 

, filed with the demand 



filed with the letter of 



| | the drawings: 



, as originally filed 



pages 
pages 



, filed with the demand 



j filed with the letter of 



| | the sequence listing part of the description: 

pages . 

pages __ 

pages 



, as originally filed 



_, filed with the demand 



filed with the letter of 



2 With regard to the .anguage, all the elements marked above were available* furnished to this Authority in the language in which 
1 ' the international application was filed, unless otherwise indicated under this item. hi h . 

Tnese elements were available or furnished to this Authority in the following language . wni 

□ the language of a translation furnished for the purposes of international search (under Rule 23.1(b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of the translation furnished for the purposes of international preliminary examination (under Rule 55.2 and/ 
or 55.3). 

3 With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international 
' preliminary examination was carried out on the basis of the sequence listing: 

| | contained in the international application in written form. 

□ filed together with the international application in computer readable form. 
( | furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 
international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence listing has 
been furnished. 

I 4. O T^ e amendments have resulted in the cancellation of: 

[ | the description, pages , 

|~] the claims, Nos. - — 

[ | the drawings, sheets/fig . 



, n Tins report has been established asif(someof) the amendments had not bee„^ ■ 
5 - U D eyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2(c)).** 

, • ; / u fi.niohpA to the receiving Office in response to an invitation under Article 14 are referred to 

' Xs^ortT^ * "'°" ° inCe d ° n0t ^ 7016 

VZn^reJlLment sheet containing sttch amendments must be referred to under item I and ann^^^ 
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V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 




citations and explanations supporting such statement 








1. Statement 










Novelty (N) 


Claims 


1-8 




YES 




Claims 








Inventive step (IS) 


Claims 


2 




YES 




Claims 


1,3-8 


NO 


Industrial applicability. (IA) 


Claims 


1-8 




YES 




Claims 






NO 



2. Citations and explanations 

Claims 1 and 3-8 



Document 1 [JP 9-25298 A (Amgen Inc.) 28 January 1997] cited in the international search 
report describes mono-PEG-modified interferon by PEG having a molecular weight of 2 to 100 
KDa. Document 2 [WO 96/28475 Al (Toshikazu Nakamura) 19 September 1996] cited in the 
international search report implies HGF in which sustained activity is improved by modification 
with PEG. Document 3 [JP 2-502646 A (Shau Grey) 23 August 1990] cited in the international 
search report implies modification of Lys residues of EPO with PEG. Document A [JP 2-9900 A 
(Kirin- Amgen Inc.) 12 January 1990] cited in the international search report describes EPO in 
which at least 1 of the Lys residues has been modified by PEG. 

As shown above, the modification by PEG of physiologically active proteins was a well known 
technique that was widely used before the priority date of this application, and persons skilled in 
the ary could easily conceive of modifying EPO with PEG. In addition, this examination finds 
that adopting the constitution of these inventions provides no particularly outstanding effect that 
could not be predicted by persons skilled in the art based on the description in document 2 and 
the like. 

Therefore, the inventions set forth as Claims 1 and 3-8 do not appear to involve an inventive 
step. 

- Claim 2 

Documents 1-4 do not describe mono-PEG-modified EPO in which the lysine reside at position 
52 of the natural form of EPO has been modified by PEG. Furthermore, this examination finds 
that PEG modification of only a single lysine residue at position 52 from among the 8 lysine 
residues as described in the invention set forth as Claim 2 provides an effect that could not be 
predicted based on the descriptions in documents 1-4, and therefore the invention set forth as 
Claim 2 appears to involve an inventive step. 
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(54) Title: PEG-MODIFIED ERYTHROPOIETIN 
(54) ft: PEG^fliX 'J X □ tfl* > 

(57) Abstract: A polyethylene glycol-modified erythropoietin (PEG-modified EPO) obtained by chemically modifying the lysine 
residue at the 52-position of natural erythropoietin (natural EPO) with polyethylene glycol. To enhance the long-lasting drug effect 
of EPO without damaging the physiological activity of EPO which is a sugar chain-rich glycoprotein, it has been required to de- 
velop a PEG-modified EPO having an extremely high long-lasting drug effect by introducing PEG into a controlled binding site at 
a controlled number of binding molecules. The above-described PEG-modified EPO shows a high long-lasting drug effect, thereby 
solving these problems. 

(57) gift: 

x^> cpeg^epo) *mmz>o mm\z-Mtsm?>^2T*&z>?if£m 
ep cxD±mmvk&&teo ctu< , nmzntzm 
£&e> ^fttPEG^iAi, m®Tm^mmm'\£&m'?z>p egh 
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m m m 

5 *%mte, ^'ji^i/>^'j (peg) mkm&misfc?i%m\i hxu 

XUXO^x?> (rhEPO) fcPEG©g>Stt«|3l#:*Kil5$-frSc:tk:«k 
9#£>n&, 5 2iti(DV i^y^mzP EG ^^^^-tc^y PEG^tfoxUXn 

io ftx'Jxa^x^^^JiclBT^o 

xuxd^x^> (epo) \t. ^KMrat^sn, ^jfiiffl,m(7)tfj»ffl^^ 

^^.feWtckOSSIji^ns t h**OEPO<hIwi1i^||il^T^llMA.b h 
20 EPO (rhEPO) &Mvk-?Z>ft, ^bl:> ^HbEP0$Mn7$/i 

25 UT^ST 5. d©^#«fiJ-&(cj;^T«i^$n§^^S! 

E P OfiHi te, ±g3©^m©^iigST 3 - 5 0 S (C tf b. 

^>fe^ic« i mm v> 2 - 3 mommrm^z^ o e pomnct^si 

i 
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^ peg) \z&Qm&zntc?>rt?nx\*#&>rt?&m&2tiT 

(0fl&fcf, WI7 - 1 9 6 9 2 5^$g)„ c©«6K: intf, 7K^M^ 

2 0 0 0- 1 2 0 0 0) £#y:/U>^£ii:T^5. dO^k^tC^jfikOPEG* 
P E GflEfli* W^lXfii^ >A°£ TttP E G<£*g£&g, Jg£f® 
^ZMW-fZ Htifimv<* MPE GfiffU^ >A^3RXttS^ >A^ 
d<h«fflliT&£ 0 lit^T, d^StJ^T^n^PEG^ffli^^A^ 

« p e g wmm £ n > c © x ;i/ jJn * - h x^ 141b # u t - 1 m . 

fS^tefetl^^nTViS (#£¥9 - 5 0 4 5 1 5#&$8). h 

25 ^Dvi-r^-li-i, il^feOi^^, 

nxifi* (W*¥9 - 5 0 4 2 9 9#&#). d U ^-^Ifli^^^M fcjg 

2 
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T&\t*fc&tm&<D&m$}%:&mt>n2> (Polyethylene glycol - 
conjugated pharmaceutical proteins; PSTT Vol.1, No. 8, 1998, 
10 352-356) tt^bnt^fc. fJx.H G~C S F 5 J.-J'f >(DP E Gf 

&M2&ttPEG<DWf&.±<Dft^&tf&£Z;l 0 k D a ^ £> 6 0$Ck 
Dafe^Jt, -<>k^©Stt^PEG©^l:fci:b^JbT±#T-5 (PCT/ 
USO 0/0 1 2 6 4, WO 0 0/4 4 7 8 5) Ci^btlTV^. 
«©EPO©PE G^fifliffi^Ttt^Ji^S kD ag|*©Jt«EW^**« 

is ^^PEG^m^n^ct^mm^nmi^m-Dx^tco ua>u'*«gtai 

fc. WJB0*D< 1 0 kDa^±©PEGS:75y**«Vitt»«fc<jEfllJib 

^CTM^SW^/A°^T$)^EPO©^@^14<&tl^e»iia:^<, 
25' -®Tm^mj)ftm®iZ%itZ>F EGfi^fffiE poowgsnxt,^. 

Kki^fccfc ? p e G©^ft<t^ >¥#m&<Dmmz^>^T 

its -m&MzFEGott^m^g^m, m^stm^^mm^n, ^-ons*, 

3 
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#$8MM$«, S14xXx^^)t*^{c^T^#Ux5 : -l/>^U3";i' (PE 
G) MMfe, 0»Ja.fc£, ^ b*vPEG-1t^ $yJHItttell77>5; 
li^t hEPOK:MJ££i±3££k:£i9> PEG«EPO£Ml,fc 0 
10 PEG^tf|iEPO«> r hEPOl^fcD 1 ^ ^ 3 ^©fflfl^ P E G^IS 
£bfelt/$We>ft&o ty-^h^yPEG-EPO (mono-mPEG — 
EPO) te, r hEPO©±ibT5 2&©'J v >BS<97 ^ / ^CEII^l P E 
G^IS-&bT&D> rhEPOl^fcO, 1 ^TOP E G^l££ bT^3o 
^{CpL.<m0JT^^\ #fgBJ3^gte£T\ $#>J^ ^WPEG^EPO 

PEGf!iif|iEPO©^S(Z)rlJj^^f^b, t^J:Dtfb 

nt^^ToF - ms k: ck^^a^j^©^^, $Lwmz&nz> p e g^e p 

lcm^^^MEPO(DPEG^g{|>^#«Mhj-(7)^?-S^l OOkD a£@x., 
5H^g4 0 kD a©PEG^ffl(/iT^|f|iLfeP EG(ilf|i^^i!/EPO{C^^T«, 

^^^EPo«^i^mtrc«hTPie>nfcEmMewM^^>iry^-i© 

<^£;*:#$^b> ^^EPOtC*f-r-5PEG^fi(|it43^Ttt, tf b 

5. ^^-r^PEGcD^^ft^ct^^^^jtpuT, mxbmmikzm&'&mtf 

4 
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fC?, ^fi5kDa. lOkDa, 15kDa, 20kDaS^3 

0 kD aOliPEG lW^IEPO 1 # J ?fci»'&bfc*/ h^yP 
EG-EPO (mo.no-mPEG-EPO) , ^fi5kDa, lOkDa, 

1 5 kD a, 2 0 kD 0 kDa©SiPEG2^f^iEPO 1# 
5 f^bfcy-^h^>PEG-EPO (d i -mPEG-EPO) fWc, 

^il 0 kD a, 2 OkDaM'4 0kDa©2MIPEGl 
EPOl^ffci^b^y-Mi^ h^yPEG-EPO (mono-mP 

eg2-epo) z^n^nmmbfco mo)mMM(D^i:mb<m^T^^x^ 

io -^h + yPEG-EPOHJ;^, y-^h + yPEG (di-mPEG-EP 
O) ^^y-^i^h + yPEG-EPO (mon o-mPEG2-EPO) 
**«nx ^fc.<9 CMbT, -f > tf # (Z)#jfa^jfa^T ttty-^h + yPEG 

- e p o (bfifimnr n § n t £bj e, ^ k: b t, 5^1* EPoic^b T*jg& p 

15 [BI®(D^^^^BJ] 

IH1 ^^PEGittbfeEPO (^y -mP EG-EPO) 
y-raPEG-EPO, ^ij»E'PO*©SDS-PAGESSbfcBT»S. 

0 211 *#PJ<D^y-mPEG-EPO£x>K7°Dx7--tiLy s-CT 
$Hbbfct£> ^^^p-7h^57^-fCJ:DT^h: 0 >//bfc^DThA 0 ^->T 

20 

^(Dty-mPEG-EPO^, PEGi^EPO©EPO 
H4(t ^H|©^y-mPEG-EPOm. P E GtiHQiE P 0$#tC cfc 
25 H5H, ^BJ^ty-mPEG-EPO^O^ P E G{«E P 0&#tC J; 

B6H, JfW&V'tJ -mPEG-EPOM't/ -5}ftiraPEG-EPO 

PEG^ffliEPO^tC«k§*^^^#jfa^|8[©^b$:^1-^7 7T* 

5 
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-So 

0 7 11 #8930 ^ J -m P E G - E P OS^t J - ^ftlmP E G - E P O 
P E G^fffiE P 0$#(C <k* k*>M©^te£7KT^7T&£. 
B8H *iB|©t;-mPEG-EPO (PEG (1) -EPO) (D<\=Etf 

09H ^iC^y-mPEG-EPO (PEG (l) -EPO) J£®&-^ 
<tEPO 5 BmmWi®-$t(D&m&7f;-t!?77T*%Z>o 

m 1 0 te> ^ICty-mPEG 10K-EPO, ty-mPEGl 5K- 
EPO, t/-mPEG2 0K-EPOm, PEG«iEPO©EPOt§ 

io rmmiztttz>mm%&$:K?tf7 7T*&z>o 

011H ^BlOty — mPEG5K— EPO, : E7-mPEG20K-E 
PO, t;-mPEG30K-EPOm, P E GWE P O0E P 0&#te 
ffilJft £2fr § *8at J&tt £ St ^ 7 7 Xtb % . 

H12H ^mm<D^y -mPEG 5K-EPO, ^/-raPEG 1 OK-E 
15 PO, ty-mPEGl 5K-EPO, ty-m P E G2 OK — EPO , =E 
y-mPEG3 OK-EPO^tf, P EGmMET? 0®&lZ&2>jfiffifflftmtn. 
»©^^t^77T^§, 

^(Dty-mPEGSK-EPO, ty-mPEGl OK — E 
PO, ty-raPEG15K-EPO, tZ-mP E G 2 0 K- E P O , t 
20 y-mPEG30K-EPO^, P E G{|»E P O^ias^^D tf> 
IOfft?:St^77lr^§. 

014H ^BI^ty-mPEGSK-EPO^ ty -mP E G 1 0 K- E 
PO, ty-raPEG15K-EP0, ± J -mP E G 2 0 K- E P O , =E 
y-mPEG3 0K-EPO£<a-fr> P E G^tlpE P OtWc J; &*M#c^Jfil 
25 ^©AUC^t^77T'SS. 

^3*3!!EPOtf)£<hUT5 2&©U y>ii©7Syll:PEG^bTI/^ 

6 
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ty-^h+^PEG-EPO (mo n o -mPEG-EPO) ®ffi&tt9g4fe$ 
ffl^Sil^^l^, ^/-^h + yPEG-EPO (raono- 

mPEG-EPO) *iMib, £b(C, v-^ h^>PEG-EPO (d i 
-mPEG-EPO) ^fe^©4^S^k:9JS»tbT*T?*S»ttH»^Rt 

*mWlZ J; DPE Gg#£tt3 EPOH TU^TA^Bj^^KltlM^^i: 

bTii$n5iix.khEPo©^ u©EPo^Mn7sy^u« 

h + v{bbfefe©^fflT^§„ E P0©75 JmtfcfoZlk&tctblZ* 

c~yy-i^j)V • iixxfJHbbfcPEG (^-n^n, spa-pegkjs 

15 BA-PEG). ^ffflT!f§ 0 Ctl6PEG«H S^©fc^{C|g'|^bb7t 

^^^EPo^*«iuigiffl^©EPoi/-fe7 o ^-(c^^b, mm^m^mz 
20 tc\^ifi, ^epoh mvumx.w&mmm&tfo^T 

nmt o d p © tij tb t ^ -5 © a w & ?t £ u ^ pj £ n & „ 

25 2MSBJ§T*te, ±ai©<fc"5^^^#Tk:*5^^S!EPOk:*^T, EPO 
^KR^SE P 0(d)§^^i^^-©itM'I4^t#-5fc^{C, .^fflitSP E G©M 
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M(D7 ^ J SifiP E GTimzntcV E G^fPE P 0««^<Z)-^ tbt 

5 ^sn^o 

^©^(Z)PEG^tf|iEPOia^<hbT«, 5 2|ii©'Jy>lS©75;i 
^P E GT!{\m~£ tttc^J P E GWmE P O ^tb, flil©^g(7)7 ^ / US 
^l^PEGTii^tlfc^y PEG^f|iEPORtX/X«^^EPO(D 
7 ^ J &m&<D? 2 g§SJ^±^P E GmmZntc P E G.#Sfifi> E P O z^tz> 

io PEG^tfuEPoia^tiT^^o z-ou^^iz^^n^PEGmmEPOit, 

^*fb 1 #^<7)P EGT{^ffp£ftfcP EG^gfGE POT'^o 

CCDPEG^IfliEPOla^tl^^a^iLT^, 5 2t©'Jy>ii©7$; 
l^PEG tf tiefifc £ tlfc t / P E G f^ffo E P O fill (7)feg(7) 7 ^ J MmMft 1 
15 ©PEGT^ffr^tlfc^/ PEGmmEP O&tf/XUJiMmEP 0<D7 $ 

/ iiso -5 2 ^*^±*sp e Gmm^ntc p e g^e pooh^^s 

^fP fC teffl £ tl § P E G <Dft=?-m \t . # e, n £ P E G & tfi E P O \Z $ n 3 

20 PEGl5}f<Z)^flH 5~4 0kDa, KfSbXIt 10-30 

kDa, £ £>fc$?i;U<te2 0~3 0 kD aT&CU |S| D^gT&n&ifiSg P 
EG«PE G tlt^T^Sl^ P E Gf!»E P O <£> 7k 31 jl 

iitc^itbttt, #y ummm 2 \z mm £ 43 ^ & y ;m 

□ T h ^7 7 -< - ti^^iMT 1 0 0 ~ 9 0 0 k D a , £?£L<te, 15 
25 0~6 5 0 kDa, £ £ £$F£ b < &4 0 0 ~ 6 5 0 k D a 

^tfpjc^ffl^n^ p e Gc^nwib < teitif p e G^em 
e p o <Dfm v <d ft^m #Mtu$ (om m t & %> £ ? & p e g t & n«, & & 

^teMS^Tfc^fflTWT&rK PEG0tfli^n^7 5y^BSttHi)5zni|Wl#Tr 

8 
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PEGigfEPO^iiTj^t PEG/7^h7>2M@3, f im^t 

5 *^Pjm#£ft3PEG^EPOc?)£Ji^'l^ »4^tt^fc^^T, TIB 
<£>&lit @ fc O teT5fc&&<DXMME PO, y-Zh^yPEG-EPOMt; 
-^ttPEG-EPO&^«)T^k^;Pi:OHs«K»*fT^, #^©PEG^ 
fiHiE P 0^#^©^^iy E P OKifc^T'T > tf^THS**«tt)C^o«pmtK:* 

io 0-3 0 kD aTttfgP E GiUiE P O^©!,!^©^!*^ 0 0-6 5 0 
kDa (^2*3j;^9#i) T&D, 2fi0'Jy>?ll©75;S^ 
FEGtmznfc^/ h + yPEG-EPOH < > k'^TiftTgnfei 

MlC&fflfcyi'**^-/ h&^fflbfe^tfp^^EPO, *^©PEGi 
15 P OIMft$@^i(ci5[t^||i^|EP Ofc«fctf P E GfcffliE P 

P EGQ^i^i^ft^ < P E G^ffiE P Oi#©|,I^©^i^ 
-7j, PEGf!itf[iEPO^Jt^)EPOfe##|fflfla (B a F/E p o R») fc 

te&ctch<D<D. \s^7°$-tum$^t%nft*%^\z\mmhx^u^z_t 

/^?Jl£ft£ 0 *fgBJ(DP EGf^gOiEPOcO^Tfe^y-^ h + yPEG-EP 
25 Ote, M0PEG^tUiEPOfCjtfeUTBje,^{ClSil/^tt$^U7c (HJE0iJ4# 

PEGiKPE p ovmBmftW-mn^mz&n&mftmikn&iktf^^yn e> 



n 
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immtttmfehtctz-z, ir»rnt)*»W0 p e Gifts p o*»«nfc»** 

EPOTtt, *T*bWmzm^rcPEG<Dft?m&l 0 ~ 3 0 kDaTPE G{$ 
ffiEFO£fo<DM i mfO)fr?m&l 5 0-6 5 0 kD aTr&D, £fc5 2&0DU 
5 y>ii©7$7S^P EGfi^tlfc^y-^ h + yPEG-EPOft 

*»Wfc<kSPEGifi(|iEPO, Hf^Kttty-^h + yPEG-EPOS 
10 2 3 0^^311 iHliC, ii 1 1 0 B#>£> 2jIMKIIHK:-rSJlt^Bl 

HoiWM^Rr titers. 

15 *P#x^>K:ftTS£JfcteK:<fc^Ta:£W^ 

enacts 09A«^AK:^Ts(*iRrtai*TeaiiHiiS!#cD«'&, j&a 

20 Ililt^ (fl^ilSW, «&«-^a:^©a-#IS»K:J:0*#^a# 

25 if) &£K:»»KfcTS££#TtffJBTi&eK ^ilxu^o^x^yj;^^ 

P E GififlitCcfc 0 3fcJtfb£ tl-5 d ch« *> cfctfP E GiflfrX U 7, □ #x 

^>^^^XU7,D^X^> e fcDfe«4'?|®fe^46T*^Cl^^e>, 
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[HJteffll] PEG&ffl»EPO©iH$J (1) 

(mo n o-mPEG-EPOWd i -mPEG-EPO©li) 
rhEPOj§l(pH8.0, 10 0raMU>tlW) CPEGO^fl^ 
,*D2 0 kD a© me thoxyPEG - S P A (+r# v >-f 5 v;i/7°n tr^>B6 
iXrJW (Shearwater Polymer s &R) (£TF, mPEG- 
SPAti/^) ifiTIC3 0Wj$bfc, 10 0mM^'J'»S5*$ 

i o%^s»du ^MTtc$cfc3 o#M«#bT«tti*x;i'©&«*iao 

fee J^iW^ST, 4tHl<Z)R)5S;£f?ofco &£«©r hEPOitiliil 
iibfemPEG-SPACrhEPO^nm^iltilfc. & 
RjfcJfcteO^XCe ntricon-50 (Millipor eft:®!) T»fcSb 
^•9, tS^pH7.4, 2 OmMU >8MS«JR- 1 5 OmM NaCllCli 

^1 PEG&flfcEPO©KJfc 



•; 


Sift l 




2 




3 




4 


EPOtfeS (mg/mL 


2.94 


1 . 


75 


2. 


81 


2. 


4 


) 


5 














EPO^ML (mL 


0.50 


2. 


31 


2 . 


50 


2. 


0 


) 


4 














mPEG-sPA WM^JUit 


3.97 


5. 


00 


5 . 


08 


5 


0 


(epo l^Jl/^fcD), 


3 















^(tTSuperdex 2 0 0 HR 10/30 (Pharmacia Bi 
o t e c hfrM) KZcfcSyjWAiafeTHiSb, mon o-mPEG-EPOl^ 
id i -mPEG-EPOH^S^tlt'nisIJRbfc. EJfc2£U$T«, mono 
-raPEG-EPOl^id i -mPEG-EPOI^C^fc^O, 
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Lxmittzntcmfrzftmzmwismfes up e r d ex 2 0 0 hr 10/ 

3 OMIbXmono-mPEG-EPOI^td i -mPEG-EPOI 

mono-mPEG-EPO$3.8mg, d i'-PEG-EPO^l . 6mg0 
iRbfc„ ML&raono-raPEG-EPOWd i-mP-EG-EPO^ 
ft^ftMO .2 27^nm©M i 1 ex7-f )V& — (M i 1 1 i poreft 
M) lZTmMW)lzm%ibTd i -mPEG-EPO£l . 6mg, mono-m 
PEG-EPO£3 . 8mg#/co. ZtibOUn (&) 0 . 7 5 m g /mL , 
^i^M^I#l^^PL) ©SDS-PAGEWPas tGe 

1 Gradient 4-15 (Pharmacia Biotechtl) 
(CTrrt/^ PhastGel Blue R (Pharmacia Biote 
chftS) \z.xm&htc m^CDEPOter hEPO©i)) 0 

r hEPORc^PEGf!^|fpEPO(D^afi«^fi2 7 9 nm©P«^£ 
?!'J5tU ^^FllKl^Tter hEPO lmg/raLi§MS2 7 9 nm(C 
&tt£«;Jt£0 . 9 3 (£^x-^y^fa«UI) tUT^tBUfco ft 43, 
fi!l©|t|»ra;£2 8 1 nmM£tf3©7 1 £j££ 1.31 ^UT^ftUfco 
[H»J2] PEG{»EPO<Z)^S$J£ CD 

(IMP E G^fUE P 0<7)^MJ£) 

rhEPO 0.49mg/mL(pH8.0 100 mM U >^$lir$0 9 6 
OT-T £ PLtCP EG(Z)#^S/^2 OkDaCD mPEG— SPA 5.32 
mg (mPEG-SPA/rhEPO=10.2 (mol /mo 1 )) .£j]D;L, g 
i&Tfc lP#^^^(C^#bfeo 1M G 1 y'mfcl 0 OY^^DL^Mfci, 
PBS 5 0 £#0*.T^|R, Cen t r i c o n-5 0T3 9 0 7 

-f £ dl STtllSLfeo fl,1i$£> 2*MUfcSuperose6 HR 1 
0/30 (1 . 0 x 3 0 cm, 1y H#:^2 4raL, Pharmacia Bi 
otechttl) CtttT, P B S tCT^tU^-frT, di-Stfraono-m 

p e g- e p on#£^n^n#mb7to 

ibtlfcd i -&LK'mo n o -mP E G - E P OHi^^tl^nC e n t r i 

12 
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con-5QTMi 1 1 i -Q*\Z®i&WmbZ>omifaLtc'&T o F -MS tCT, 
Matr ixlCSinapinic acid 4.0 5mg/4 0 57<^d 
L 5 0% Me CN£fflK i^/Ma t r i x£ 57>f^DL/5^ 
^□LibTBSACTCa 1 i b r a t i o n bT^fl^ife bfc e 

f (3 0 - 3 57<^DL)^PBS 2 0 0T^f^DL1:«b, 2#iIilSLfc 
Superose6 HR 1 0/3 0 (1.0 x 3 0 cm, K#fK"2 4 m 
L> Pharmacia Biotec htfcjffi). tCttlbT, PBS(CT^tB$ 
■&T, tMM© rhEPO, d i -Mmono-mPEG-EPO^tl© 

10 mmftm&mfeLfco ^iSi^flCa 1 i b r a t i on kit (Am 
ersham Pharmacia Biotechtl) ^6®Thyrog 

- lobul in: MW 669000, Aldolase: 158000, Chy 
motrips inogen A: 2 5 000, ®F erritin:4400 
00, Ovalbumin: 4300 0 <DM&7.$ H»«*H)»b, l^f£ 

15 #Tfcyj«ifl*fr ofc„ ^-^^p a o(7)^lliB#r H 1^e>^*^$^^b, rhEPO, 
d i -Rtfmo n o-mPEG-EPOO^fl^fcfc. 

rhEPO 2.2 7mg/mL (pH8 . 0 10 OraMU >BHSflffft) 5 0 
0?^^DLCPEG©^i^40kDa (20kDaX2) ©branc 

20 h e d mPEG2— NHS 5 . 3 2 m g ( b r a n c h e d mP E G 2 - 
NHS/rhEPO=2.99 (mol/mol)) SriD^l, gi&TK: 3 0#Hai 
Life. 1M Glyilt (pH8.0 20 mM Tris-HCl) 
5 0 7^^.oLm^, JEK:MTK:3 0 5rf B im#bfco C e n t r i c o 
n-5 OtiIS:pH8 . 0 2 0 mM Tr i s -HCn^jlU H§1$ 

25 7 5 0 ^-T £ PLKlHSEUfc. dtl^Resourse Q lmL (Phar 

macia Biotec hftSSD Srffl^fc-T ;*>3£&£ hifyy^ -KIT 

gffi^A (pH8.0, 2 0mM T r i s • H C 1 ) \ztt LT»tHiSB ( p 

H8.0, 20mM Tris-HCl, 0 . 5 M N a C 1 ) © 0 % b 5 0 % 

13 
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^vi> h-e-mmznit#&.Mi?EG&mEi?o&<£tsmft&ftmL. cen 

t r icon-5 0T3 7 5^^PLfei«lbfe. HtllCPBS 2 
^PL£flnA, 2*I|gbfcSuperose6 HR 10/3 0 (l.Ox 
3 0 cm, K#&2 4 mL, Pharmacia Biotec hftM) 

5 iJbt, PBSfcTJgfcHSi-frT, d i -mPEG2 -EPO (di-^gm 
PEG-EPO) fccfctf t r i -mPEG2 -EPO ( t r i -^SlraPEG 
-EPO) IM^fcmono-mPEG2-EPO (mono-WmP 
EG-EPO) IB#*#l*0fc. »6nfc2I^Sfn^tlCen t r i c on 
— 50 TM i 1 1 i -Q#K:fcIt1IfcbOt?*tebfc«T*o F-MS&CT, Ma 

10 t r i x £ S inapinic acid 4.0 5mg/4 0 5 T^f ^ P L 

5 0% MeCN^ffl^, iUBfi/Ma t r ix£5V-T^PL/5T-f£p 
LtbTBS AKlTC a 1 i b r a t i o n bT^fi*M^ bfc 0 

-^T^i^D?h^77^f -&tc£3#^g$J£<9fc#>, ToF-MS 
$J£k:&b7ciffl*§$l£PB S 2 0 *(di-, t r i -) *SH 

15 tel 5 ^7 PL (mono-) TSHRU 2#i§l£b;tSu p e r o s e 6 
HR 1 0/3 0 ( 1.0 x 3 0 cm, F#8t2 4mL, Pharmac i 
a Biotechti) £«lbT, P B S tCTT&tii $ i*T, *®gOrhE 
PO/di -Rtfmo n o -mPEG-EPOfnfnojStil^WSiWJlUfc. 
y;Uziiiffl^TSC alibration kit (Ame rsham Pha 

20 rmac i a Biotech ftjg) if* £<3)T hyrogiobul in: MW 

6 6 9 0 0 0, Aldolase : 158000, Chymotripsino 
gen A: 25000, ©Ferri t in : 4 4 0 0 0 0, Ovalbum 
i n : 4 3 0 0 0<Dm&Z*>?- Ki^^ilb, ft&WTfcfJV&T&P 

#H^a D a©ril±iP#f H 1^e>^fi^^^^b, mono-m 

25 PEG2-EPO (mono-MimPEG-EPO) (Dtt^m^tifc* 

rhEPO, d i -Rtfmo n o-mPEG-E.POStfmo no-mPEG 

2-EPO, mono-MimPEG-EPO) <D$HPS£^2 (^©EP 

OlirhEPO, Linear ttlii, B r a n c h e clttMi©! ) KIttc 
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2 PEGiiEPOO^f 



5 



10 











tmfem (Da) 








ToF-MS 








(Da) 








EPO 


29000 U 


28400 


70000 


Liner 


mono-mPEG-EPO 


50000 


49800 


402000 


PEG 


di-mPEG-EPO 


71000 


71300 


914000 


Branched 


mono-mPEG 2 -EPO 


71000 


71200 


823000 


PEG 


di-mPEG 2 -EPO 


113000 


113000 


(2080000) 2) 



l) £ltfc|g^6^Suppl.2(5j3) 1990 p. 24 EPOCH<£>Ji£^f fl 

mtMmirm^brcPEGmmEPO (mono-mPEG-EPO) 

mo n o-mPEG-E PO (E12TttPEG (1) -EPO^HfB) 
tm>r hEPO (H2Ttiintact EPOiSfB) C^^T, x> H7°d 
T-7-~e Lys-CCJ:§im RP/C 1 8 # ^ A fCcfc 3^7° FTy 
tf > 7* ( p e p t i d e mapping) £tT-? 7c„ 

•tt>7°;i/te, PEG©^fl^2 0 kDa® m o n o -mP E G - E P O 
(7 8 67^f^Dg/mL) M'rhEPO (Irag/mL) £{£fflbfc 0 
a) STU^I/^+v^JHb (RCMjb), L'ys-CiSIb 

ffM(i3 0 0mMU>iI» (pH8.0) /6M^7-y>H/6 
mM EDTA£{$ffl 0 #®E P O 5 0 T-f 7 □ g (eft L 5 fg^gGD&ftig 
8££8sflD, DTTS1.5?<^Dmole (Cys©5 0 teft) jfjpA, gJ&T 

15 
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~efe^1£ • iSTuUfc. €/3- 3.15T^^Dmole (DTT©2. 

lfSS) £fl • BtmT4 S^SJtS^-fr^J^+^^^-fbLfc^, 5 0m 

M Tris-HCl (pH8.5) fc*f UTM &ff o fc„ Lys-CH7 
"f ^ng (SS$:8£Jfc=5 0 : 1) ^nUT3 7°C"e-ftMO, 1 0%TF 

b) ^7>Fy-7tf>^ 

^^AttVydac C18 (218TP52, 2.1mm x 2 5 0mm), 
LCtt SMART sys tem (Pharmaci attfig) £$ffl„ gfijitel 
007^DL/^ MtHtt2 2 0, 2 8 0 nm„ ^t^yl>hW© 
10 IDT^S. 

• A : 0.1% TFA 
•B:90% MeCN/0.1% TFA 
5%B/15#\ 5-100%B/85^\ 100%B/10^ 
»6nfc^D7 h/\°^->^EI2 (:^t 0 
15 mono-mPEG-EPO (12TIJPEG (1) -EPOCHS) 
Ifiir hEPO (0 2ttti n t a c t EPOiUfB) ^Jt^f^i:, L 4 
■ £i8$cU L3 (02©L 3&L 6 t?-^) ^6»A^fc«^LT^-5. 
*bL 3 tL4 0i@0Ly s 5 2 #P E Gf!»£ tlT^-S Rjffitej&Sj6& ^ 
£>ft£o £fcL 5 £L 4©Mte»ffcfce-£#fflSbT;fetK nn^PEG^tfii 

^M^bT^^dch^e>> L1©N« (Alal) #P E G0ffi$nT^&# 

y s 5 2TPEGfiif|i$nfct)©t%Ae>n^> 0 
[H»U 4] P E G^gfpE POOEP 0&&&mMK:tt1r£ 

25 mmmmm&vmfe <n 

EPOf#WMtSBa F/E poR« (Blood. _9_0_, 1867 
1997, PNAS, 9_3_, 9471-, 1996) 2%FC S^fR 
PM I T40^5!g®«h^/^ffil«:*it)jgUTj5fe^b7t^tC l 0 %FC S^tRP 
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MIlCTlxl 0 6 MM/1 OmL\ZfcZ>£o\zmmb, 9 He 1 ^ 

SfcDSOTi'^OLfOiiLfc. $J£fiWc:^T«, 10%FCS 

^tRPM I &^IR^(CfflViTEPO.Mt;tC||»aR^2TMitU/cmo n o 
-mPEG-EPO, di-mPEG-EPO, mono-^imPEG-E 

5 po<Dmm*tn'enmmvT, mmfrv 5 oy^^dl©^^ n =3 

T&£^t;#)B aF/EpoRffl»bfc 9 6^7>- M«2lD bT£ii£ U 
3 713, 5%C0 2 MTT2 4P#Wi&*l;fc Q 1^0107^^ 
□ L©C e 1 1 Count Reagent SF (t*7^7X^tl) £ 
^*bT4 5 0 nmt 6 2 0 nm©tMM^J]lbT 0 B#^0«iJ^I«t b 

10 fc 0 £ e>^^T6B#^^MUT4 5 0 nmt 6 2 0 n m©*ttTS&^£$iJ£ 
L?U£JII£7*^7'fbU7fc (E13#M> l^raoaofimono-mPEG-E 
PO, d i ted i -mPEG-EPO, b r anchedamono-Mim 

• PEG-EPO, Epol*rhEPO<DM).&$nitmAfcz>\,*Ts-m*-Rlfo- 

mz-?\,*TB.mm*frt>n% 3&&w.m®ML, ed 5 omt 9 5 %mmm.mz 

15 S AS.£fflt,>T;&#K ^3 (^^©branched-mPEG-EPOfl m 
ono-MImPEG-EPOmt§) JcSi^fe„ 

^3 EPO^fe^M^T&Ji^tt 



ED50 (ng/mL) 95%{i$IEP B 1 



20 rhEPO 

mono-mPEG-EPO 
di-mPEG-EPO 
branched mPEG- 
EPO 



0.12 
0.94 
15 
3.0 



0. 10-0.14 
0.73-1.2 
13-18 
2 . 4-3.8 



1.0 
0. 13 
0. 0079 
0. 040 



25 



mono-mPEG-EPO, d i -mPEG-EPOStf 
rhEPO <Dmmm& (DMfe 
Wtk^Wt^T, ll^mTl^bfcmo n o-mPEG-EPO (7 8 67 

17 



WO 02/32957 PCT/JPOl/08539 

-C^Dg/mL : rhEPOl^fCraPEGl.^f^) Jktfd i-mPEG 
-EPO (6 4 07<^Dg/mL : r h E P O 1 ^iCmP E G 2#^££) 
ZmWco dtlb^^Ttlfe r hEP0©7S;I{:)t^MiXfil/imP 
EG (^182 0kDa) CltfcJ: ?> P EG&ttb, ?)V^t?U 

^MiLKi, 0.05%77 hJ&M7;U7^ >, 0.05% Twee 
n 2 0 &-£tr£3g*Jfi7M;:P 'EGfcflfEPOXte rhEPO^l 2.57^^D 
. g/mLic:#|Rbfco ©18!#&|»tt3iy-flatLfc. 
»©W»ttl8^lDBK:tT-pfe. ^HJfc^JTte, Sic: SDSMStt^yh (0* 
10 IXXJPy-^M) £7iIffcfc:T^«fcK:{H:bfco $&tlff$40*O7ML*#$C 

^t^7Jl4£-^f^ rhEPO$-#^, mono-mPEG-EPOS^iRtf 
d i -mPEG-EPO$-§-f¥<Z)4P£f££b, ligf 4(Z5£bfc„ ^tt2mL 
/kg©§! (Kfii«2 57>f^Dg/kg) T#@JSI&«Rrtt8!#bfc. 
15 B > 2 , 4 , 7, 10, 14, 17, 2 1, 25, 29, 32, 

35, 3 9 Bci»Tt7 7 h&fc£«K:#5£u m&m\z.mmzmh, m 

ysmex f- 8 0 0, &MBfl3tt^!*5££ttS[) TiBJtbfc. 

r hEPOM, mo n 0-mPEG-EPO^iM'd i-mPEG 
-EPO&##©¥^te©&©W£tt*^>*-;/ h (Dunne tt) ©^SJfc 
fcfcfefcckO&Jtbfco Wic7K^«»Jj5%<hbfco 

1214 (5fcffilfltt]fo#ft©&ft;), 13 5 (^^Pk*>I) fc^b 

25 fc. gfc, 5ftjliiffiiisa*©«ftt»lMk:c?^Ttt, ^4tc^bfe. 
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^4 PEGiffliE P O K: £Z>&]fo®%:(D^?Mm 
rhEPO 

mono-mPEG-EPO 
di-mPEG-EPO 

a *\i?)mmmt<DGn£GQ (p<o.os). 

7 Uiaz^t?)l®i3-n£r>im\z.£l:l& l Tl,fco "ttUzltfLX. mono-m 
PEG-EPO^iTfi^l 0 BST> d i -mP E G - E P 0$#i¥T 

AtyDt*>Ili r h E P 0^4M4i4 B (clMCIL, 7 
0^tt^h^;i/^^i:S^(WI^(DM^STlgTb7to ^tUcftLT, mon 
o-mPEG-EPO^i«4il 40K:, cl i -mPEG-EPO^ 
0 Bfc£;MlK:iiU mon o -m P E G - E P 0&-£PTi£i£ 
5-'ik2 5 0 JT, d i -mPEG-EPOt£4i¥T13:|£-^2 1 B^T^k^Jl/ 

Vfcmm. r hEPO^4HT^4^4 0CDl 0^T^o7t0{d^UT, m 
ono-mPEG-EPO^Tttt4t4~2 5 B©2 2 BM, d i -mP 
EG-EPO^^Tii^4^4~2 1 0(7)1 8 U?$T&otc (^4), 
[^MH*ij6] mono-mPEG-EPO, mon o-^tlmPEG-EPO 
TkX$ rhE P 0©^^4©$j£ 

^^fi^l4 OkDaCD (me t h oxy PEG 2 0 0 0 0) 2 Ift«# (mPEG) 



jrgjjHg (BED, >^b^;i/ a 

1 (Day 4) 
22 (Day 4-25) 
18 (Day 4-2l) 
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2 -U-^^H5yJl"yq W>ix^rJ^ r h E P 0<E>7 5 J S£^Jfc£i± 
^dttCckDf^Mbfemo n o-^ftiPEG-EPO (br-mPEG-EP 
O : ^IPEGdU^f^) tUttxXrJ^tt^^il^ OkDa© 
m P E GMS#: (mPEG-^y><$y;i/ • 7*0 tft>tl7fJ^ r h E 
5 PO07^/S<h^E^$ij^il < h^ c k«9^SlbfciIil^mo n o-PEG-E 
PO (raono-mPEG-EPOiiiiPEG/iU^f^) ^ ^ K 5 

£ a id 1 » 5 E5*T^»^^ bfc 0 
10 $#30 0 , 2, 4, 7, 10, 14, 2 1, 28, 3 5 B 

&JhtiL&ffl6Lhtt. 

■mfe<DM%:\$. m6 (mmmimskimomt), 07 c^^ntf >«> izm 

15 B7Rtf:R5T£IB£ttTV>*b r-raP EG-EP Olirao n o -^ftlmP 
EG-EPO^t 



n 5 p e G^tdiE p o(D®.*mt&M%:m$m<Dmm ) & 



20 









mono-mPEG-EPO; 


5 Aig/kg 


13 (day 2-14) 


mono-mPEG-EPO; 


1 Mg/kg 


8 (day 7-14) 


br-mPEG-EPO; 5 


Xig/kg 


11 (day 4-14) 


br-mPEG-EPO; 1 


Mg/kg 


_ b 



" : ^h^7JUnmmt(D^M^0 (p<o.05). 
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mono-mPEG-EPO 57^^Dg/k g^Wl^f ^gt/^ 
T&D, mono-MimPEG-EPO 5 T-f 9 u g / k gn^-ffit, m 
ono-mPEG-EPO I7^f^ng/kgft4»^ia!, mono-# 
ftlmPEG-EPO lT^^Dg/kggW, ife/h^^tt^^T^ 

mono-raPEG-EPOMWmon o-^ftimPEG-EPOS4 
IfcfcK:, 57^^Dg/kg^gT(iM2~7H06ail lT^f^Dg 
/k gS#WJM2~4B<Z)3 SPalT&ofc (BI6)o 
'X^E^D hf mono-mPEG-EPO 5 T-f # p g / k g$#ff 

10 T&-^7 Bki^MKjiU ^h^;^^^^UTWm^^p^lS^bn/t 
nm\Z, S4l2~140©13aTO^c o raono-MlmPEG-E 
PO 5^^Dg/kg^Hi:mono-mPEG-EPO 

ipj&^«e>e>nfcWp H itt> *n?n. ^4t4~i4B©iiBF^M7-i 

15 4 0©8Bf B lT$^ito CtlWfbT, mono-MiraPEG-EPO 1 

7 ] r h E P-O&^P E GfiffrE P 0<&^k:^5JBSfe#£Rtf 
PEGi^EPOOHMfttt 
20 ^ififll lTlSiibfc raon o-mPEG-EPO®2 5-7-T^Dg/kgi^ 
T<Dmmz3onZ>m%}*mm-$'Z>t.th\Z., fOM^mo no-mPEG-E 

(PEGf^lfiiEPO e>&8& & § m Mikmt) 

mono-mPEG-EPO$2 57'f^Dg/kg, 57-f^Dg/kg, 
25 lT^f^Dg/kg, 0 . 2 T-T £ □ g/k g£>ffl*T8 jltp£>£t&7 7 h (& 

mono-rnPEG-EPO§2 5?ODg/kg, 5 T-f ^Dg/kg, 
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0 . 2 ^ D g / k g Offllt 7 7 h tJIIIrtf ®^ 
^bfcBf ©^^Dk*>M©^b£!2l8 (Itmon o-mPEG-EPO£P 
EG (1) -EPOcb^lB) \Z^Ltc 0 g#^2 8 BSTOl^fH mono 
-raPEG-EPOO^^Dt: Vfc^fiRa^mpiWte 257-f^Dg/ 

/kggm 0.27^^Dg/ftgK#iTli^IlCfe#lT^^Otf . 

(mono-mPEG-EPOIilWlHl^t r h E P OJlS£Ml*] 5 BRfljg 

10 mon o-mPEG-EPOMrtM^tr hEPOIM5 S M% 
j*a!#i:©IISlj|*Jt«bfc. (Btf>mono-mPEG-EPO*P 
EG (1) -EPOch^lB) fcl^Ufc. mon o-mPEG-EPO 5 7^f^ 
Dg/kgM4tEPO n-f^Dg/kg 5SKI^S4 
tlT57-f ^Dg/k gi!:)i5) <h£Jfc|Srf mono-mPEG-EP 

15 o 57^ ^pg/kg^isite^o^A^^Dtf >m<DM±i&tfm<. 

h<k<0W$tl,f£o ~£fc, mo n o -mP E G-E P O 1 £ □ g / k g #IH 
S4iEPO 0.2Y^^Dg/kg5Bf B M4 (i^iiltl^ 

|w|$l<7)^b£^bfco £ © CI £ £> > mono-raPEG-EPOttrhEPO 

[mmm8] -pEGiimwomMm (2) 

(mPEG5K-EPO ©81®!) 

EPO 2.27 mg/mL ( P H 8.0 100 mM U 1.3 mL£mPEG5K-SPA 3.38 

mg (PEG/EPO = 4.09 (mol/mol))£fin;lT^£ ii\ ^i&T£30#P^-$>#>K:fl8 
25 #L,7c 0 1 M Gly7K^^130 T-f ^7 DL?r'ilDx.7t^> J?tCgTSTfC30#PM # b 
T^J^^#jj:$i±7Co JintCPBS 550 T-r^OL^iinAT#«Rb, Centricon-50 
T325 T-T ^ DLStl^bfc. £e>(CPBSl50 T< ^7 DL^TIDA. fc & s 2*^jg 

bfcSuperdex 200 HR 10/30 »C«fcsy;i/jtjfiteT»a!lb, mono-mPEG5K-EPO, 

22 



y 

WO 02/32957 PCT/JP01/08539 

di-mPEG5K-EPO & J; XS* tl <? <D U & m £ ± fc <a tT ch # £ £, tl fc @ # £ L T 3 

Jl'ttfll L ; -en^tl^ b mono-mPEG5K-EPO:feck di-mPEG5K-EP0H# 
iB^L, mono-mPEG5K-EPO 210 # Dg&J; tfdi-mPEG5K-EP0 

(mPEGlOK-EPO,mPEGl5K-EPO,mPEG30K-EPO,br-mPEG10K-EPO, 
^ckO-' br-mPEG20K-EPO©S3$S[) 

EnFfc^JB^T^ ^^^^ (®~(D) ©l¥iHBtt*6K:*t«)fc. 

10 EPO (pH8,0 100mMU>M«««) C*g(D, i£^S(D) £mPEG-SPA 
mmm) *5W*br-mPEG-NHS (ft&M) (fet&M®) (PEG/EPO it ® 
(mol/mol))fcflnAT»#£i3\ ^^T^30^W^^^M^bfco RjfclC&bfc 
EPOi§&©l/10g©l M GlyTK^SS^iP^fc^, Hfc^iaTfc30^K«#LTg 
JS£#jJt£-frfc. Centricon-50£fflV>TJg|fc£pH 8.0 20 mM Tris KlllifeU 

15 RESOURCE Q 1 mL §ffl^^t>^i^D7 H^7 7^-fCTiMl2 <h|W] 
1i©^ffiMB©0^6l00%^7vX>hT^ffl$nfcPEG^tf[iEPO^cfc^EPO 
£^tm#£^n^tl#^U Centricon-50£^TPBSfc:&$M&Lfc„ 
tttt, mPEG5K-EPO ©MgfcfB Lft&ft fr&T&KL&i l>tc, U 

mPEG15K-EPO, mPEG30K-EPO, ^J:^br-mPEG20K-EPO©Pii^*5ViT« 

20 t) 7 A&2&&1&L1tS\ipero8e 6 HR 10/30 (1.0cm <f> X 30cm)(Pharmacia biotech 
ttjSD^f^ATfTofc. ^ft^ftmPEG£fc«br-mPEG#U & 5 2 #-?EPO 
£^A£nfc£&fcft3#M£#I|X, Mbfc 0 ^^SPEGaUASCmPEG- 

n?osM&m&mfr\mmmMCfcmz¥jmmtzmv, mono-mPEG-EPo&j; 

CXdi-mPEG-EPO^^H Ufco 
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^6 PEG&MEPO® 



raPEC-SPA or 
br-mPEG-NHS 


EPO Mfe 
(D (mg/mL) 


EPO feWA 
® (nL) 


mPEG-SPA or 

111! UU \J I I \ \J I 

mPEG-NHS 
® (rag) 


PRn/PPni-i' 

r c\j/ Drui'Li 

(mol/mol) 




1. 75 


1. 0 


2. 91 


3. 12 


it$M'l'5kDa 


1. 75 


1.0 


4. 43 


2. 97 


aiIM30kDa 


1. 82 


i. I 


10.95 


3. 16 


(br)IOkDa 


2. 43 


0. 7 


5. 07 


4. 93 


#&M(br)20kDa 


2. 43 ' 


0. 7 


9. 67 


4. 93 



St 7 PEGMEPOCDiiXg 







EPO) 


Type of PEG 


raono-PEGylaled 


di-PEGylated 


mPEGiOK- 


257 


146 


mPEGi 5K- 


277 


135 


mPEG30K- 


300 


167 


br-mPEGiOK- 


247 


138 


br-mPEG20K- 


265 


150 



[mmm9] peg^^epocq^tssij^ (2) 

^(CMALDI-ToF-MS©?|il^^fTofco ToF-MS«5£fc{He LfcttttB** 

mPEG 10K-£mPEG15K-t E&frTfcy;l>j|«;& b & 7 y J - 

(GPC) £&LT^©^ffill#P B 1£#ifcfc., 

fib, mPEG30K-EPO^^^T«M^^25>U, -#£ToF-MS$Jl*E\ fiJl^ 
£GPC(C#tLfc 0 br-mPEG10K-EPOs*3cfc^br-mPEG20K-EPOs^^t/iT 
&GPCT*£imr B 1£#&fc®#£®l|^^ 
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^8 PEG^f|iEPO(D^^» 



Sample Calculated , ToF-MS GPC 



Molecular weight (Da) 



PEG 



EPO 29000" 28400 70000 



5 



Li- 



near PEG 



mono-br-mPEGlOOOO-EPO ~~~ 39600 39600 161.000 

di-br-mPEGiOOOO-EPO 50200 50300 267000 

monc-br-mPEG20ffl)0-EPO 50000 49700 316000 

di-br-mPEG20000-EPO 71000 71500 649000 

mono-br-mPEG40000-EPO 71000 71200 823000 

di-br-mPEG40000-EPO 113000 113000 (2080000)" 



mono-mPEG5000-EPO 34100 33800 114000 

di-mPEGsooo-EPO 39200 38900 161000 

mono-mPEG20()(K)-EPO 50000 49800 402000 

di-mPEG200O0-EPO 71000 71300 914000 

mono-mPEG30000-EPO 60500 59900 606000 

di-mPEG30000-EPO 92000 93000 (1620000) 2 ' 



Branched 
PEG 




10 



<omfe (2) 

EPOftfip«l:i»t5B a F/EpoRtt (Blood, 9_0_, 1867 
1 9 9 7, PNAS, 9_3_, 9 4 7 1 -, 1996) UFCStfR 

is pm i t 2®mmmtm>bftM*MvmvTm&btcmz 1 o%fcsmrp 
mictixio s mm/2 omnzfcz>&6\zmmi;. 9 Q^y'u- hizm 
ifef3 5 07^fi7DLf^ij)Difc. mmm\z-D^x^ io%fcs 

^tRPMI ^tfcfflViTEPOR^mo n o-mPE G-E POCDffPJ 

20 BaF/E p oRMM*mmLfc9 6ft7>- Mc^iO U 3 7^., 5% 

C0 2 iPMTT2 immtmVfc. &ftlz. Ift^tcK) l O^-f^DLCDC e 1 
1 Count Reagent SF (tA7^fX^t±I) $iiBbT4 5 
0 nm£6 2 0 nm©^T©^S:SiJ^ UT 0 mmvMfcm t btc. £bKg 
1&T'5mmmmbT4 5 0 nmt 6 2 0 nnKDM^T^^^^iJ^UTcIS^^^ 

25 ^7fbU7c (Ell 0*5cttXl 1#JSL 04>©monottmono-mPEG-E 
PCh EpottrhEPO©!). t# £>ftfci&\£k:^T, ffl*-^JJ&'l4(C^ l^T 
^■M5 0%£&fr 2 tiZmzmmmb, ED5 0i^, ^9&J;^10 
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jl9 

ED50(ng/mL) vs EPO«) 

EPO 0.134 100.0 

mono-mPEG 10000 0.255 52.5 

mono-mPEG 15000 0.240 55.6 

5 mono-mPEG20000 0.557 24.0 



^10 

ED50 (ng/mL) 

mono-mPEG5000 0.158 
mono-mPEG30000 0.348 
mono-mPEG20000 0.374 
10 EPO 0.072 



t4?Mi^bTH 0. 0 hjfil?*7;P7^ >> 0.0 5% Twee 

n 2 0 ^MtMtPE GfiKt5EPOX«r h EPO£ 2. 5 T-f ^7 □ g 

15 

mmmzmnBteft-Dtco *mMMT\z. sic: sD^m^yy h (s*x 

7IJl/y-i^tl:) £7~8®tfrK:T^&fc:&.b£. «tlSt$4SfC^M< 

r hEPO&-^$> mon o-mPEG 5 K — E P Otx^-S^ 

20 

mono-mPEGl 0K-EPO$-^g^ mono-mPEGl 5K-EPO 
&4S£, raono-mPEG20K-EPO^f, mono— mPEG3 OK 

Jx-^H, &#t&2, 4, 5, 7, 10, 15, 21, 29, 3 5 B izMmm 

25 

Tt7 7h?:M[:^b, m&m\z&$ft§t%mh, mn&vmiti?z>!km$: 

rmfeVtc. s\=E?n tf>fi«T-f ^7 Dii;i/^^>^- (Sysmex F-80 
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0, T«£Ufc. 

Mfeoi&mt* mi 2 (mmmvtfcto&&<D%fc)* mi 3 (^pnvym* 

5 014 (ffl^^jfil^fcOAUC) iZmVtco 

10 mZtlfc, M&TftKt&%}ftffi&&%? 5PEG#f»EPO#W^tlfc. c© 
PEG^EPOIt ^^i E P O**0MI^ i ft: < , i85^M$ 



20 



25 
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i t © i I 

5 (PEG) TibmmZtLtc^/ PEG^tfpEPOo 

2 . ^iEPo©5 2fi0u v>^s^p e Gxikmmztifctmm i ib 

i^ty peg^epOo 

3. ^mmt M'j7n^x^> (^^siepo) ©^cffli/^^ux^i/ 

>^Uxi-;P (PEG) ©^-?S^5~4 0 kD at^St/ P EG^tfrxUT, 
10 □Ixf> (PEG^tffiEPO) T&^T, ^67 PEG^fPEPO l^T(7)^r;i/ 

0 0-9 0 0 kD aTfe^l*^lX^2|B«oCO ; E / PEGfii^EPOo 

4. SiIIBlf^lSl, 2X«3f3fc^/ PEG{i£frEPO£^WT£^7 P E 
Gf!»EPOMtlo 

15 5. it^l, 2X^313^0^7 P E Gi»E P OS^/X^^SE P O 

©ysy iii© ? ts 2 ?M^±a*p e G^$ nfc i frTWjvfamti 

a v h ^ ^ 7 w - «fc 0 SIS b fczk $ * & £ jliF ©a^* # 10 0- 
9 0 0 kD aT-^^PEG^fPEPO^^^^-r^PEGfitfPEPOlI^tJo 

20 5^&f&1£xu*D#x^>$9#J. 

7 . tufBIf t^4Xtt 5 ©Vim^fc|3«© P E G^tfPE P O 

MIBHt^^4f3io©PEG{!ltf|iX'JXP^X^>ll^t)©M^ 

25 fe. 
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•V=f» -i. 



ME 1 2 R 

PEG EPO 0 4- 15% ^3VXVV-^h SDS-PAGE. 
M :MW (53,76, 116, 170, 212 (kDa)) 

E : EPO 

1 : mono-mPEG-EPO 

2:di-mPEG-EP0 

R : PEG \m EPO £fi5)l£^ 
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0 



KtOh 
rhEPO 

mono-mPEG-EPO 
di-mPEG-EPO 




14 21 28 . 35 42 



0 



rhEPO 

mono-mPEG-EPO 
rii-mPEG-EPO 




14 21 28 35 42 
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